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Final  Report 

The  blue  mussel  Mytilus  edulis,  is  an  ecologically  and  economically  important  species  in 
coastal  US  waters.  It  is  also  the  primary  species  used  to  establish  water  quality  criteria 
for  copper  by  the  EPA  and  other  regulatory  agencies.  These  criteria  are  used  to 
determine  NPDES  permit  levels  for  Cu  that  have  important  financial  and  logistical 
implications  for  US  Naval  bases  and  shipyards. 

The  larvae  of  Mytilus  edulis  were  singled  out  as  particularly  vulnerable  in  an  exhaustive 
survey  carried  out  in  the  1970s,  and  criteria  were  established  based  on  toxicity  tests  in 
waters  from  Narragansett  Bay.  Subsequently,  it  was  shown  that  waters  with  more 
dissolved  organic  matter  require  more  Cu  to  be  added  to  achieve  the  same  toxic  effect. 
This  is  hypothesized  to  be  due  to  strong  complexation  by  organic  ligands  which  lower  Cu 
bioavailability.  This' interpretation  has  provided  a  rationale  for  site  specific  criteria  to  be 
developed  in  harbors  with  high  organic  matter  concentrations. 

The  theoretical  basis  for  this  change  is  the  free  ion  model  of  toxicity,  which  suggests  that 
toxicity  is  proportional  to  free  Cu2+,  rather  than  total  Cu.  This  model  has  been  used  for 
free  Cu2+  and  shown  to  hold  for  many  unicellular  phytoplankton  using  natural  and 
artificial  ligands,  but  has  never  been  evaluated  for  Mytilus.  Indeed,  nobody  has  ever 
shown  that  the  amelioration  of  Cu  toxicity  to  Mytilus  in  high  organic  waters  is  actually 
due  to  complexation. 

In  this  study,  we  quantified  the  relationship  between  Mytilus  toxicity  and  free  Cu2+  in 
EDTA  buffered  seawater  media.  We  also  looked  at  toxicity  in  waters  containing  high 
(coastal)  and  low  (blue  water)  concentrations  of  dissolved  organic  matter. 

We  collaborated  with  Pacific  Eco-Risk,  a  consulting  company  with  a  long  track  record  in 
performing  Mytilus  tests  with  other  researchers  from  organizations  such  as  HydroQual. 
Results  indicated  that  there  was  a  robust  relationship  between  free  Cu2+  and  toxicity  in 
both  the  EDTA  buffered  samples  and  in  the  natural  samples,  with  chronic  toxicity  around 
a  free  Cu2+  concentration  of  10"9  M. 

These  results  are  important  for  several  reasons. 

1 .  Predictive  Capabilities  They  allow  us  to  assess  the  toxicity  of  Cu  to  Mytilus  in 
estuaries  around  the  world  based  on  the  large  data  set  in  the  literature.  Moreover, 
because  most  of  these  data  are  titrations,  we  can  assess  how  increasing  total  Cu  in  the 
future  might  affect  Mytilus. 

2.  Environmental  Implications  There  are  few,  if  any  coastal  waters  where  the  free 
Cu2+  is  as  high  as  10  9  M.  This  is  because  total  dissolved  Cu  rarely  exceeds  10"7  M 
(about  6ppb)  even  in  contaminated  waters,  and  even  at  those  levels  there  are  usually 
enough  ligands  to  bind  90%  of  the  Cu.  Therefore,  our  results  suggest  that  Mytilus  larvae 
are  not  threatened  by  Cu  to  a  significant  extent  anywhere  in  the  coastal  US.  However, 
further  increases  in  Cu  (by  a  factor  of  2  or  3)  may  well  pose  a  significant  threat. 

3.  Validation  of  site  specific  Criteria  Approach  The  robust  relationship  between  free 
Cu2+  and  toxicity  observed  in  the  real  samples  suggests  that  differences  in  Mytilus 
toxicity  thresholds  among  different  waters  do  reflect  organic  complexation  and  thus  can 


be  generalized  to  other  organisms  where  toxicity  is  controlled  by  the  free  ion  model. 
Our  work  therefore  constitutes  a  molecular-level  validation  of  the  site-specific 
criteria/water  effect  ratios  approach. 

Current  Status 

Currently  we  are  synthesizing  our  data  for  publication  in  Environmental  Science  and 
Technology. 


